Introduction
The family Chydoridae (Crustacea: Cladocera) is now under revision using classical morphological and molecular genetic methods Belyaeva & Taylor 2009) . Recently the diversity of chydorids in various tropical regions of the Earth is intensely studied. Gradual accumulation of information on the chydorid morphology enables to discover and describe many new taxa (Sinev 1998; Sinev 2006; Sinev & Hollwedel 2002; Van Damme et al. 2003) , establish new genera (Sinev 2004a, b; Van Damme et al. 2005; Van Damme & Dumont 2008; Van Damme et al. 2011; Sinev & Kobayashi 2012; Sinev & Shiel 2012) and clarify the status of some taxa with unclear taxonomic position (Sinev 2001; Sinev 2002; Sinev et al. 2004; Sinev & Hollwedel 2005) .
Especially strong efforts are directed to the revision of Alona s. lat. Over the past twenty years, the number of new and redescribed taxa in this group has increased substantially. The progress in the taxonomy of Alona s.lat. stimulates ecological and biogeographical investigations in tropics, but there is a lot of work on redescription of many formal taxa as well (Kotov 2013) . Alona diaphana species group is proposed to be a source of such taxa (Van Damme et al. 2010; Van Damme et al. 2013) . redescribed Alona diaphana King, 1853 and A. davidi Richard, 1895 and translocated them to the genus Leberis Smirnov, 1989 . Nowadays the genus Leberis includes five valid species: (1) Leberis diaphanus (King, 1853), originally described from neighborhood of Sydney and now frequently mentioned in the faunal lists from tropics and subtropics of the Old World and Australia Smirnov 2008; Kotov et al. 2013; Van Damme et al. 2013; Jeong et al. 2014) , (2) L. davidi (Richard, 1895) from the Neotropics , (3) L. aenigmatosus Smirnov, 1989 (type species) from granite rock-pools in Western Australia (Smirnov 1989; Frey 1998; colombiensis Kotov & Fuentes-Reinés, 2015 from the shallow water bodies in Colombia (Kotov & Fuentes-Reinés 2015) . Daday (1898) described Alona punctata from Ceylon and subsequently extended this name to populations from Africa (1910) , providing only a short description and naive pictures on morphology of his new taxon. Thoracic limbs were not studied at all. Since morphology of Alona punctata was inadequately studied, some confusing names appeared in the numerous regional keys (e.g. Smirnov 1971; Smirnov & Timms 1983; Michael & Sharma 1988) . In order to avoid such misunderstanding, Frey (1991) proposed to label all none-Australian populations as A. diaphana. Recently in the taxonomic lists of Indian cladocerans the name "Leberis punctatus (Daday, 1898) " was also mentioned (Chatterjee et al., 2013; Padhye & Dumont 2015) . Kulkarni et al. (2015) published a photograph of a L. diaphanus-like specimen, but their report was not provided by a detailed description and any valuable taxonomic remarks. At the same time, even after the revision of Leberis made by , in the cladoceran lists from India several names are represented (e.g. L. davidi in Sharma & Sharma (2011) and L. diaphanus in Sharma & Sharma (2014) ). Some authors noticed that the findings of L. diaphanus from Tropical Asia Kotov et al. 2013) and Africa are needed in a revision; in addition, they discussed the possibility that more than one Leberis species may be found at the same tropical region of the world. But morphological features for discrimination of such taxa were not offered. Accumulation of names without any notes causes a further confusion and misunderstanding in the genus taxonomy.
After careful morphological investigations of parthenogenetic females from two Indian localities, we have concluded that in fact these populations differ from L. diaphanus and they represent a separate taxon. Therefore the aims of our study are: (1) to redescribe morphology of L. punctatus (Daday, 1898) based on material from two Indian localities; (2) compare its morphology with that in all known Leberis species in order to find features that are really significant for the taxonomy of the genus; (3) clarify the status of Leberis-populations from Southeast Asia, South China and Africa via detailed investigations of the parthenogenetic female morphology.
Material and methods
We used the samples obtained from different water bodies of the Old World and Australia. All samples were collected via a conventional technique: a small-sized plankton net (with 50 µm of mesh size) was hauled through macrophyte-zones or over near-shore substrates, then obtained material was fixed in 4% formaldehyde or 96% ethanol. Also, in order to estimate the value of morphological features used in the taxonomy of Leberis, we reexamined accessible samples with L. davidi and L. chihuahuensis from water bodies of the New World.
Parthenogenetic females of Leberis were carefully investigated under light (LM) and scanning electron microscopes (SEM). For LM appropriate specimens of Leberis were selected from the samples under stereoscopic microscope LOMO, placed on slides in the drop of glycerol-formaldehyde mixture and studied in toto under LM Olympus BX41. Several specimens from each population were dissected for investigations of appendages. Drawings made via a drawing tube were used for documentation of the LM observations. In order to reveal differences between populations of Leberis from different localities, several thoracic limbs I were dissected and setae of internal distal lobe (IDL) were pictured. The peculiarities of the short seta on IDL were evaluated. Two states were revealed: such seta with a row of setules equal in thickness along the full length of distal segment, or seta with more or less prominent denticles (oligomerized setules) in the central part.
Females of Leberis from Australia, Ethiopia, India, Malaysia, the Republic of South Africa and Thailand were investigated under SEM. Specimens were dehydrated in increasing ethanol series (30, 50, 70, 96%) , 100% acetone (for 30 minutes on each series), then transferred to hexamethyldisilazane (for 40 minutes), dried over the night (Laforsch & Tollrian 2000) , attached to stubs, covered by gold in S150A Sputter Coater and studied under Jeol JSM 840-A scanning electron microscope.
Investigated specimens were measured from the anterior end of the rostrum to the posterior margin of the valve and from the dorsal part of body to the ventral margin of valve in the lateral position. The maximum dimensions are shown in the descriptions. Terminology summarized by Kotov (2013) Illustrations and text: I-V = thoracic limbs I-V; acs = accessory seta on limb I; e1-e5 = endites 1-5 of thoracic limbs; ejh = ejector hooks on limb I; epp = epipodite; ext = exopodite; IDL = inner distal lobe of limb I; IP = interpore distance (distance between anterior and posterior edges of major head pores); ODL= outer distal lobe of limb I; pep = preepipodite; rs = rudimentary seta; s = sensillum.
Results
(1) Redescription of L. punctatus Order Anomopoda Sars, 1865
Family Chydoridae Dybowski & Grochowski, 1894 emend. Frey, 1967 Subfamily Aloninae Dybowski & Grochowski, 1894 emend. Frey, 1967 Genus Leberis Smirnov, 1989 Leberis punctatus (Daday, 1898 Type material. Type material is still present in Daday's collection (Forró & Frey 1982) .
Type locality: Ceylon (swamps near Madatugama, coll. in February 22nd; the vicinities of the Kalaveva Reservoir, coll. in February 7th, 12th, 18th; the Mahaveliganga River, coll. in March 8th) (Daday 1898 ).
Material examined. Over 100 parthenogenetic females from Dehli, India, coll. in August of 1994 by N. Jyer, NMK 1412; 3 parthenogenetic females from Sutarwadi pond, Maharashtra, India, coll. in June of 2009 by S. Padhye, AAK-M-1517.
Diagnosis. Species of medium size for the genus (length of adult parthenogenetic female up to 0.6 mm). Body as for genus (see , dorsal keel weakly developed. Sculpture of valves and head moderately developed. Head shield and head pores as for genus. Lateral head pores minute, located at about 1 IP distance from head shield midline. Anterior margin of labral keel regularly convex. Postabdomen and postabdominal claw, antenna I and antenna II as for genus. Spine on basal segment of exopod slightly longer than middle segment. The number of setae on each thoracic limb as for genus. On IDL of limb I the short seta with more or less prominent denticles (oligomerized setules) in the central part. On exopodite of limb IV one of distal setae specially long (2.2-2.6 times longer than the longest lateral seta).
Redescription. Parthenogenetic female (Figs. 1-4 ). General. In lateral view body regularly ovoid, highly arched, maximum height at middle of body (body height/length ratio about 0.7 for adults and juveniles) (Figs. 1A, 3A, 4A). In dorsal and anterior view body compressed laterally, dorsal keel weakly developed (Fig. 3A) . Dorsal margin uniformly curved, depression between head and rest of body absent (Figs. 1B, 3B ), but dorsal contour may be slightly broken near head pores ( (Fig. 3A) and anterior part of head shield (Fig. 3B) .
The species epithet "punctatus", offered by Daday, comes from the Latin "punctus", a dot. Numerous dots are distinguishable under LM (Fig. 1D, H ) (see also fig. 6G in Kulkarni et al. (2015) ). But investigations under SEM does not confirm their existence on the valve surface (Fig. 3A) . In reality, they represent columns between external and internal walls of the carapace (Figs. 3E, K) . Similar illusive ornamentation was found by Kotov (2000) in Ilyocryptus tuberculatus Brehm, 1913 . Furthermore, this type of illusive ornamentation can be found in other species of Leberis (except of L. aenigmatosus with a specific sculpture on valves). The density of "dots" on valves may vary in populations from different localities. For example, the dense illusive ornamentation on valve was found in the specimens from Dehli, whereas specimens from Maharashtra possess less prominent ornamentation. Possibly, the density of illusive ornamentation depends on environmental conditions. In any case, this feature is unhelpful for discrimination of Leberis species.
Head (Figs. 1A-B, 3A -B, 4A) relatively small, not keeled, triangular in lateral view, with a convex dorsal margin. Rostrum well-expressed, blunt. Eye somewhat larger than ocellus. Distance from tip of rostrum to ocellus slightly greater than distance between ocellus and eye (Fig. 1B) . Three major head pores with connections between them equal (or almost equal) in size (Figs. 3C, 4B ). Lateral head pores minute (Fig. 4B) , located far from main pores, about 1 IP distance from midline of head shield, at level of central pores or somewhat anteriad. Labrum (Fig. 1C) large. Distal labral plate with tiny setules (Fig. 1C) . Labral keel with a regularly convex, not wavy anterior margin (Fig. 1C, 3D ). Apex of keel rounded. A small lateral hillock, bearing tiny setules (indiscernible under LM), in posterior portion on each side of labrum body (Fig. 3D) .
Thorax (Fig. 1A ) relatively long. Abdomen (Fig. 1A) short. Postabdomen (Figs. 1I, 3L) relatively broad, slightly narrowing distally; postabdomen length/height ratio about 3.3. Ventral margin straight or slightly convex (Figs. 1I, 3L ). Preanal and anal margin almost equal in length, postanal margin about two times longer than preanal or anal margin (Figs. 1I, 3L ). Preanal and postanal angles well expressed (Fig. 1I) . Basis of claws slightly inflated, bordered from distal margin by a clear incision. Postanal part of postabdomen armed with clusters of marginal denticles (Fig. 1I) . On postanal margin, the distal most denticle in each cluster always the largest (Fig. 1I) . On anal margin, 3-4 clusters of denticles, setules in them almost equal in size. Clusters of tiny setules on postanal and anal margins between clusters of denticles (Fig. 1I) . On postanal margin, the distalmost setule the longest, the clusters of setules form a row parallel to the dorsal margin of postabdomen. This row goes on anal margin, but setules in the clusters of this part have equal length (Fig. 1I) . Two rows of similar clusters of setules above them on anal margin of postabdomen (Fig. 1I ).
Postabdominal claw (Figs. 1J-K, 3M) long (longer than anal margin of postabdomen), slightly curved. External side (Fig. 1J ) armed in its proximal portion with a row of fine teeth, having maximum length in a central part of ventral margin, in proximal and distal parts, these teeth gradually decreasing in size. Internal side of claw with a row of teeth, they are specially robust in the central part and decreasing in size towards proximal and dorsal ends of claw ( Antenna I (Figs. 1L, 3N ) relatively elongated, not reaching tip of rostrum, with weakly distinguishable rows of setules. Antennular sensory seta slender, arising subdistally, shorter than antenna I (about 0.5 of antennular body length). Nine aesthetascs, two of them longer than the rest, but shorter than antennular body. All aesthetasc tips projecting beyond tip of rostrum (Fig. 1L ).
Antenna II (Figs. 1M, 3O, 4D) short. Antennal formula: setae 0-0-3/1-1-3, spines 1-0-1/0-0-1. Coxal part folded, with two sensory setae. Basal segment robust, weakly setulated, with a short spine between branches of antenna II (Figs. 1M, 3O, 4D). Branches relatively elongated, all segments cylindrical, with tiny setules around distal margins. Apical setae long for a chydorid (about 2.5 longer than an antennal branch), setulated asymmetrically. Seta arising from basal segment of endopod setulated, thin and short (projecting beyond tip of distal segment). Seta of middle segment of endopod shorter than apical setae. Spine on basal segment of exopod slightly longer than middle segment. Spines of both apical segments short, with length less than half that of apical segments (Figs. 1M, 3O, 4D). It is interesting that in the central part of short IDL seta, setules are more or less oligomerized and formed prominent denticles, whereas a distal part of shortest IDL seta in other species of the genus Leberis feathered unilaterally with a row of setules equal in thickness along the full length, without any tendency to oligomerization. Therefore this feature may be considered as one of the diagnostic characters for L. punctatus discrimination (see below in the text and figures). Limb corm almost rectangular in lateral view (Figs. 1A, 4E). Endite 4 with three posterior setae subequal in length and a single anterior seta (Figs. 1A, 4E: 1, a, b, c). Endite 3 with three posterior setae of unequal size, among them seta e the longest (Figs. 1A, 4E: d, e, f). Distal part of seta d feathered bilaterally; distal parts of setae e and f feathered unilaterally by rough setules, the proximal parts of setae e and f covered by thin and long setules. Endite 2 with three setae, two distalmost setae (g, h) long, bisegmented (Figs. 1A, 4E: g, h, i). In proximal parts they covered unilaterally by sparsely located setules, in distal parts they featured bilaterally. Third seta (i) on endite 2 short and setulated bilaterally in proximal and distal parts. Endite 1 with a single bisegmented short seta (Figs. 1A, 4E ). Rows of thin setules on ventral face of limb I (Figs. 1A, 4E ). Two ejector hooks small, subequal in size (Figs. 1A, 4E ). Limb II (Fig. 2C ) triangular-rounded. Exopodite ovoid, setulated, without setae. Inner portion of limb II with eight scrapers, forming three groups according to size and armature: setae 1-2 longest, with a fine setulation on their distal parts; setae 3-5 somewhat shorter, with more prominent setules; setae 6-8 short and bear thick, rough setules (Fig. 2C) . A deep incision between endite 2 and endite 1. Portion of gnathobase (= endite 1) bordering endite 2 somewhat inflated and densely setulated. Distal armature of gnathobase with four elements, two of them minute. Filter plate with seven setae, among them two distalmost setae shorter than others (Fig. 2C) .
Limb III (Fig. 2D ) with an ovoid epipodite, bearing a small finger-like projection. Exopodite subrectangular, with two bilaterally setulated lateral setae and four brush-like distal setae, one of them the longest (Fig. 2D ). Distal endite (in terms of Kotov 2013) with three anterior setae ( Fig. 2D : 1, 2, 3): setae 1 and 2 supplied with robust denticles distally, a small sensillum between their bases (Fig. 2D: s) . Seta 3 slightly shorter, unilaterally armed with long setulae. A minute sensillum near seta 3 (Fig. 2D: s) . Proximal endite (Figs. 2D-E) with four small anterior setae (4-7) and a small bottle-shaped sensillum near seta 4 (Figs. 2E). Four soft setae on posterior face of limb ( Fig. 2D: a, b, c, d ). Distal armature of gnathobase with three setae and a thick sensillum (Fig. 2E ). Filter plate with seven setae of subequal size (Fig. 2D) .
Limb IV (Fig. 2F) . Preepipodite large and setulated, epipodite ovoid, with a relatively long finger-like projection. Exopodite rounded, with two lateral setae of different length and four distal setae (Fig. 2F) . Remarkably, one of distal setae specially long (2.2-2.6 times longer than the longest lateral seta), whereas in L. diaphanus this setae only in 1.2-1.4 times longer than the longest lateral setae. This feature supports the discrimination between L. punctatus and L. diaphanus (see below in the text and figures). Inner distal portion of limb IV with four setae (Fig. 2F : 1, 2, 3, 4): distalmost setae 1 stout, with short setules distally; three other setae with inflated basal segments. Three soft setae ( Fig. 2F : a, b, c) on posterior limb face of inner distal portion. Distal armature of gnathobase with three elements: a globular sensillum (Fig. 2F: s) , medium-sized bisegmented seta and a short rudimentary seta. Filter plate with five setae subequal in size (Fig. 2F) .
Limb V (Fig. 2G ) with an ovoid setulated preepipodite. Epipodite ovoid, with a long, curved finger-like projection. Exopodite ovoid, with three lateral and a single distal seta. At inner face, two densely setulated setae of different length (Fig. 2G) . Filter plate was not found.
Ephippial females and males. No ephippial females and males were present in investigated samples. Although the findings of Leberis males are known for India (e.g. Venkataraman 1995) and further supplement to description of morphology for L. punctatus are desirable.
Size. Maximum length of adult parthenogenetic females 0.6 mm, height 0.45 mm.
Variability. No significant variability between investigated individuals from two Indian localities was found. In general, based on material from other localities, variability was found in the armature of the shortest seta of IDL (see below in the text and figures).
Distribution. South and Southeast Asia, Africa (see comments below).
(2) Comparison of the parthenogenetic female morphology for all known Leberis species and search for the taxonomically significant features. A comparison of morphological characters of five Leberis species was made by Kotov & Fuentes-Reinés (2015) . Some offered features of parthenogenetic female morphology seemed to us questionable. Therefore we reexamined them based on some collection samples and previous literature data. Some features that should be investigated (or reexamined) in the future are marked.
Species of Leberis from the Neotropics
Leberis davidi (Richard, 1895) (Fig. 5 The short seta on IDL of limb I is supplied by a row of setules equal in thickness along the full length of its distal segment (Fig. 5E) . In smaller studied specimens, anterior margin of labrum is almost convex. In most cases, the spine on basal segment of antenna II exopod is slightly shorter than middle segment. But in some individuals this spine is almost equal in length to the middle segment (Fig. 5C ).
The number of long aesthetascs on antenna I in female in this species should be reexamined in the future. reported three long aesthetascs in parthenogenetic females, although it is not obvious in their illustrations (e.g. fig. 111 ). At the same time, in other species of Leberis there are two long aesthetascs on antenna I. Remarks on morphology. We found an accessory seta on thoracic limb I (Fig. 6E: acs) , a small hillock approximately midway between base of ODL seta and accessory seta and rudimentary seta on the inner face of IDL (Fig. 6E : rs) (these elements were not described by ). Also they were not taken into account by Kotov & Fuentes-Reinés (2015) .
Leberis chihuahuensis
The short seta on IDL of limb I supplied with a row of setules equal in thickness along the full length of its distal segment (Fig. 6E) . The spine on the basal segment of antenna II exopod is longer than the middle segment. Presence or absence of finger-like projections on epipodites of thoracic limbs III, IV and V were not examined due to lack of material. These features should be checked in the future.
Leberis colombiensis Kotov & Fuentes-Reinés, 2015
Remarks on morphology. In the text and the table with main morphological differences between females of L. colombiensis and other species of Leberis, there were several confused features. The accessory seta on limb I was not found in L. colombiensis (Kotov & Fuentes-Reinés (2015) ). In the original text and fig. 4a there was no information about a hillock (or a sensillum in the terms of Kotov & Fuentes-Reinés (2015) ) on ODL of thoracic limb I. However presence of the latter element is not prominent, although it was marked on LM photograph ( fig.  5b ) and included in the table as a diagnostic feature. At the same time a rudimentary seta on IDL of limb I is clearly marked ( fig. 4a , 5b: incut) and described in the text (Kotov & Fuentes-Reinés 2015) .
Species of Leberis from Australia
Leberis aenigmatosus Smirnov, 1989 Remarks on morphology. Original description of this taxon was made by Smirnov (1989) and supplemented by Frey (1998) and . However some details of morphology are still not known (the details of limb IV, presence or absence of finger-like projections on epipodites of limb III-V and some other characters). Because of lack of material on L. aenigmatosus in the accessible collections, we could not make a detailed redescription. But we want to mark, that pictured an accessory seta on limb I and a rudimentary seta on IDL; although presence of small hillock on ODL is not so obvious (Frey 1998 ) (compare with table in Kotov & FuentesReinés (2015) , where the authors reported that accessory seta on limb I is absent).
Based on literature data, the spine on basal segment of antenna II exopod in this taxon is slightly shorter than middle segment (about 2/3 length of the middle segment) (Smirnov 1989; Frey 1998; , although in some specimens this spine was almost equal in length to the middle segment fig. 11 ). This last variant was included in the table by Kotov & Fuentes-Reinés (2015) , but these authors ignored the variability of this feature. Remarks on morphology. On limb I, the accessory seta is present (Fig. 8B ). ODL with a small hillock approximately midway between base of ODL seta and accessory seta, IDL with rudimentary seta on the inner face (these two elements were not described by in L. diaphanus) (Fig. 8B) . The short seta on IDL of limb I in this species is supplied with a row of setules equal in thickness along the full length of its distal segment (Fig. 8B) .
In most cases, the spine on basal segment of the antenna II exopod is slightly longer than the middle segment (Figs. 7K, 7E ). However we found several individuals with a shorter spine (the spine on basal segment of antenna II exopod was slightly shorter than the middle segment). In all investigated Australian specimens we found epipodites with finger-like projections on the thoracic limbs III, IV and V (Figs. 8D , F-G) (these features were not described in the text and not shown on the figures made by ). However some specimens from the sample NNS-2000-031 possess small, hardly distinguishable finger-like projections on the limbs III and IV. At the same time, a finger-like projection on the epipodite of limb V was always prominent. marked variability in the epipodites of Macrotrix elegans Sars, 1901. Authors speculated about relationship between concentration of oxygen in water and epipodite size, although this phenomenon has not been studied so far.
Other investigated features are corresponded to description made by . Smirnov & Timms (1983) described a subspecies Alona davidi ssp. vermiculata from Monaro region of New South Wales. This subspecies is characterized by fine and densely arranged longitudinal lines on valves, but we have no opportunity to re-evaluate the status of this taxon due to lack of material. Yet there is a high probability that this subspecies should be considered as a junior synonym of L. diaphanus, because the density of striation on valves may vary strongly in different chydorid groups (e.g. Kotov 2013 ). Based on original and literature data we can summarize morphological features of parthenogenetic females that are valuable for the taxonomy of the genus Leberis (Table 1) and correct the table offered by Kotov & FuentesReinés (2015) .
All six analyzed species can be provisionally subdivided into two groups: small-sized (L. chihuahuensis, L. colombiensis, L. diaphanus) and large-bodied (L. davidi, L. aenigmatosus, L. punctatus) animals. Interestingly, in the large-bodied L. davidi and L. punctatus, a ratio of length of the longest distal seta/lateral most seta on exopodite of limb IV is more than 2, whereas in small species (L. chihuahuensis, L. colombiensis, L. diaphanus) this ratio is about 1.5 (Table 1) .
Another interesting diagnostic feature is a shape of the anterior margin of labral keel (Table 1) . Only in L. davidi the anterior margin of labral keel is wavy, a convex margin is typical for other species of Leberis. However a labral keel with convex or almost convex margin is also characteristic of small-sized specimens of L. davidi ( Fig.  5A ; e.g. fig. 61-62 ). Slightly wavy apex of labral keel is characteristic of L. aenigmatosus (see fig. 5 ).
An interesting and important diagnostic feature of L. aenigmatosus is the ornamentation of its valves (Table 1) . Valves and head are heavily pigmented in this taxon in dark chocolate brown, densely striated and therefore capable of light refraction (Frey 1998) . This is an adaptation to a high insolation in highlands, similar to patterns of pigmentation in some other highland cladoceran species (e.g. Kotov & Taylor 2010) . At the same time, other species of Leberis have less prominent, light brown pigmentation.
The length of spine on the basal segment of antennal exopod is an important, but quite variable feature (Table  1) . Generally, this spine is shorter than middle segment in L. davidi, L. colombiensis and L. aenigmatosus, although individuals with this spine almost equal in length to the middle segment are known for L. davidi (Fig. 5C ) and L. aenigmatosus, and individuals with extremely short (not reaching the half of the next segment) are known for L. colombiensis (Kotov & Fuentes-Reinés 2015) . The spine on the basal segment of exopod is longer than second segment in L. chihuahuensis (Fig. 6C) , L. diaphanus (Figs. 7K, 8E ) and L. punctatus. Several individuals with the spine equal in length to the middle segment or shorter than it were found by us in the Australian samples of L. diaphanus.
The unique feature for L. punctatus is the armature of distal part of short IDL seta. Setules on this seta are more (Fig. 2B) or less (Fig. 4F ) oligomerized and formed prominent denticles, whereas distal part of short IDL seta in L. davidi (Fig. 5E ), L. chihuahuensis (Fig. 6E) , L. colombiensis, L. aenigmatosus and L. diaphanus (Fig. 8B) armed by a row of setules equal in thickness along the full length, without a tendency to oligomerization.
The presence or absence of accessory seta and a small hillock on ODL (as well as presence or absence of rudimentary seta on the inner surface of IDL) are not important features for discrimination of Leberis species (Table 1) . In our study, we always found these elements in the populations of Leberis where we have a chance to study the morphology of thoracic limbs in detail (see Figs. 2B, 8B and below). Thus their presence/absence cannot be used as a diagnostic character. For L. colombiensis and L. aenigmatosus, some details of limb I inner part should be reexamined, and there is a high probability that an accessory seta and a small hillock on ODL will be found.
The ratio between length of the setae on exopodite of thoracic limb III and exopodite of thoracic limb IV were not reexamined due to absence or lack of material (see table 1 in Kotov & Fuentes-Reinés 2015) . In all studied specimens of Leberis from the water bodies of Australia and the Old World the "seta 2" was longer than "seta 1" on both exopodite of thoracic limb III and exopodite of thoracic limb IV (in terms of Kotov & Fuentes-Reinés 2015) . Thus these features in Leberis species from the New World should be reexamined.
The presence or absence of finger-like projections on epipodites of thoracic limbs III and IV are not valuable features for taxonomy of the genus. We always found finger-like projections on epipodites of limb III-V in the populations of Leberis where we have a chance to study the thoracic limbs in detail (see Figs. 2D, F-G, 8D , F-G and below). For L. chihuahuensis, L. colombiensis and L. aenigmatosus, presence or absence of finger-like projections should be rechecked in the future. Remarks on morphology. Parthenogenetic females of L. diaphanus from Malaysia are characterized by a weakly developed sculpture on the valves (Fig. 13A-B) . The same sculpture was found in populations of L. diaphanus from Laos fig. 11A ). At the same time, specimens of L. diaphanus from Australia (Fig. 9F) and Tasmania fig. 23-24) had well-developed sculpture on valves. Thus this character is strongly variable. Interestingly, that most of individuals from the sample AYS-ML-74 had a short spine on basal segment of antennal exopod (it was shorter than the middle segment) (Figs. 11K, 13N ), but individuals with typical long spine were also found.
Other investigated specimens from Thailand (Figs. 14) , Laos, Vietnam and China agree with the description of L. diaphanus, morphological differences are minimal. Leberis punctatus (Daday, 1898) in the Old World (Southeast Asia and Africa) Thailand (Figs. 15-16) ; Ethiopia (Figs. 17-19) ; Madagascar (Fig. 20) ; the Republic of South Africa (Figs. 21-22 Remarks on morphology. We found several specimens of L. punctatus in two samples from Thailand (Figs.  15-16) . Kotov et al. (2013) pointed, that in Laos there are two species of Leberis: L. diaphanus (more common) and Leberis sp. (rare), moreover the last mentioned species is similar to L. davidi (i.e. this is a large-bodied Leberis). Thus, in the Southeast Asia there are two species of Leberis. Parthenogenetic females in these two species are different by details of thoracic limbs I and IV, and by their size.
Specimens from agree with the description of L. punctatus in size and details of exopodite of limb IV, although some specimens from Ethiopia (Fig. 18B ) and the Republic of South Africa (Fig. 21F ) have strongly developed denticles on the short seta of IDL. But this feature, from our point of view, cannot be used for description of these populations as a separate taxon. There is a variability in the size of the denticles on the short seta of IDL probably connected with environmental conditions (e.g. with a composition of algal communities?). As a rule, the short seta on IDL has a row of setules equal in thickness along the full length of distal segment in all analyzed specimens of L. diaphanus from different localities (Figs. 23: 1-29, 24A-F) ; in the females of L. punctatus the short seta has more or less oligomerized setules , forming prominent denticles in its central part. Investigation on the morphology of males and molecular genetic studies are desirable in order to incorporate more features in the analysis. 
Discussion
Our study confirms an independent status of Leberis punctatus. It clearly differs from all other species of the genus, and can be clearly differentiated from L. diaphanus, the other species from the Old World, by morphology of IDL setae of limb I and size of the setae of exopodite IV (see Table 1 ). There are no reliable differences between these species in outer morphology, morphology of antenna II and postabdomen, so a dissection and a detailed study of limb I and IV are necessary for their accurate identification.
L. diaphanus is a widely distributed Australasian species, recorded from Australia and Tasmania, Malaysia, Thailand, Vietnam, Laos and Hainan Island (South China). The northernmost point of its distribution is South Korea, because specimens described by Yoon (2010) clearly belong to L. diaphanus, as they have IDL setae with small uniform setules.
The western boundary of L. diaphanus distribution is unclear at the moment; we cannot exclude its presence in India also. Two populations from India studied here belong to L. punctatus. But a taxonomic status of Leberis records from numerous faunal publications without any illustrations (e.g. Sharma & Sharma 2011; Sharma & Sharma 2014; Padhye & Dumont 2015) or with non-informative illustrations (Michael & Sharma 1988; Kulkarni et al. 2015) remains unclear (Chatterje et al. 2013) . L. punctatus is an Indo-Ethiopian species, presently recorded in Southeast Asia (Thailand), South Asia (India and Sri Lanka), East Africa (Ethiopia) and South Africa (Republic of South Africa and Madagascar). Populations from Madagascar, studied by Schabetsberger et al. (2013) , and the Republic of South Africa, considered by Smirnov (2008) , were reexamined above; they belong to L. punctatus instead of L. diaphanus, as it was presumed before. It is impossible to re-evaluate the status of many African records of Leberis without a description (e.g. Dumont et al. 1981; Dumont 1986; Fernando et al. 1990; Mengestou & Fernando 1991; Egborge et al. 1994) or with inadequate description (e.g. Rey & Saint-Jean 1968) . Therefore further studies on this genus, especially investigations on the male morphology, are needed. Our data suggest that L. punctatus is a widely distributed taxon in Africa, but locally distributed endemic species could be found here as well.
Three widespread species of the genus namely Neotropical L. davidi, Australasian L. diaphanus and IndoEthiopian L. punctatus are remarkably similar to each other in their size, outer morphology and morphology of postabdomen, and could not be differentiated from each other only by morphology of antenna II and thoracic limbs. These three species are characterized by ecological plasticity, and found in different types of water bodies and climatic zones, including wet and arid regions. L. davidi is also recorded from Central Mexican Plateau (Sinev & Silva-Briano 2012) , but two other species were never reported from mountainous regions. In contrast, three species of the genus with a restricted distribution (L. aenigmatosus, L. chihuahuensis and L. colombiensis) are quite different from each other and from a widespread species complex. O. anamariae (Sinev & Silva-Briano, 2012) ), and Old World zones of the Cladocera endemism sensu Korovchinsky (2006) : West Mediterranean region (O. nuragica (Margaritora, 1971) , O. anastasia (Sinev, Alonso, Miracle & Sahuquillo, 2012) , O. azorica (Frenzel & Alonso, 1988) ) and South Africa (O. capensis (Rühe, 1914) ). Few tropical species are coexisting with widespread species: Australasian O. archeri (Sars, 1888) and Brazilian O. kiangang Sousa, Elmoor-Loureiro & Santos, 2015 are rare and probably confined to some specific ecological conditions. Such situation suggests that the even the advanced dominating clades of both groups are quite ancient, having time to spread around the world, which agrees well with the concept of relict nature of modern cladoceran fauna, proposed by Korovchinsky (2006) and opinion on antiquity of the cladoceran taxa of different ranks (Frey 1987; Kotov 2013) .
According to Sinev (2015) , Leberis is an advanced member of the elegans-clade, which also includes the elegans-group of Alona s. lat. and the genus Celsinotum. Thoracic limb morphology is the basically uniform within the elegans-group and Leberis, these groups differ mostly in some morphological traits of valves, head shield, head pores and postabdomens. The elegans-group retains the typical generalized "Alona-like" morphology, plesiomorphic for the group, while Leberis and Celsinotum share numerous advanced features in outer morphology of both females and males. To our mind, the elegans-clade is a sister-group to the genus Ovalona, one of the most diverse genera of the Alona-like alonines. The main synapomorphy of Ovalona and the elegans-clade is the presence of lateral aesthetascs on male antenna I, which are absent in all other groups of Alona s.lat. (of both Hexalona-and Coronatella-branches). Frey, 1991 Frey, , 1998 Kotov & Fuentes-Reinés 2015) . 
